Background
==========

The aging of the HIV population is a remarkable success but comes with new challenges and questions for persons living with HIV (PLWH) and their caregivers \[[@R1]--[@R4]\]. Although long-term survival of effectively treated PLWH approaches that of the general population \[[@R5],[@R6]\], age-related comorbidities are more prevalent and the overall quality of life may differ \[[@R3],[@R7]--[@R9]\]. Critical knowledge gaps exist on how HIV and its therapies might impact and interact with normal aging processes.

As this cohort continues to grow, it is critical to develop strategies to support healthy aging in PLWH \[[@R10]\]. In order to do so, we need to define health and identify the modifiable factors that impact it. Researchers and advocates have called for a revision to the UN AIDS 90 : 90 : 90 goals for HIV \[[@R11]\]. Not only should 90% of those with HIV be aware of their disease, 90% be engaged in care, 90% be receiving ART and 90% have viral suppression but that 90% should have good health-related quality of life \[[@R12]\].

There are little data on how to measure healthy aging in the context of HIV and no HIV-specific indexes of health. Although older adults may present with more advanced HIV disease and have less immune recovery than younger adults \[[@R13],[@R14]\], for PLWH on effective combination antiretroviral therapy (ART) neither absolute CD4^+^ cell counts, CD4^+^/CD8^+^ ratios, nor HIV viral load are useful surrogate markers of healthy aging \[[@R15]--[@R17]\]. The Veterans Aging Cohort Study Index \[[@R16]\] creates a score by summing preassigned points for age, CD4^+^ cell count and HIV-1 RNA, and general indicators of organ system injury including hemoglobin, platelets, aspartate and alanine transaminase, creatinine, and viral hepatitis C infection. The VACS Index predicts all-cause mortality, cause specific mortality, and other outcomes in those living with HIV infection. Despite these predictions, it is focused on physical health, does not capture other health domains or quality of life and has not been used to assess interventions to maintain or improve health.

In geriatric medicine, frailty is often used to assess health status \[[@R18]\]. A commonly used measure is the Fried frailty phenotype, which assesses five specific features: self-reported weight loss, self-reported exhaustion, low levels of physical activity, measured 15 feet walk time and measured grip strength. The Short Physical Performance Battery (SPPB) has also been used for over 20 years to measure physical performance or functional status \[[@R19]\]. It is a brief battery with a timed walk, repeated chair stands, and balance tests. Although useful, these two measures are largely focused on physical status.

There are many components to healthy aging beyond physical function or the simple presence or absence of comorbid disease \[[@R20]\]. The new framework of the WHO\'s *Global Strategy and Action Plan on Aging and Health*\[[@R21],[@R22]\] defines healthy aging as 'the process of developing and maintaining the functional ability that enables well being in older age'. The framework acknowledges that older people experience significant losses in their physical and cognitive capacities and that although some are inevitable, others may be avoided. The framework stresses that the study of healthy aging must consider a composite of an individual\'s physical and mental capacities (intrinsic capacity) in addition to factors in the extrinsic world that form the context of an individual\'s life (environments). In the Action Plan of the strategy, the WHO challenges researchers to improve measuring, monitoring, and understanding healthy aging in different populations \[[@R22]\].

The Rotterdam HAS was constructed using factor analysis from a prospective population-based study of 3527 Dutch participants at least 55 years old \[[@R23]\]. It considers five biopsychosocial domains of health: mental health, cognitive function, physical function (three sub-components of pain, comorbidity, and activities of daily living), social support, and quality of life. For each of the seven measures a score of 0 (low, corresponding to a worse status within the domain), 1 (moderate), or 2 (high, corresponding to an optimal status within the domain) is assigned and the total summed to determine the HAS score.

To respond to the WHO challenge for standardization, we selected The Rotterdam Healthy Aging Score- HAS \[[@R23]\] to examine the concept of healthy aging in an HIV cohort. Determination of a valid, standardized measure of healthy aging would be useful in the clinic to follow the health trajectory of patients and as an objective outcome of clinical trials of interventions designed to improve it.

Methods
=======

We evaluated the HAS in a cross-sectional cohort of HIV-positive older adults attending a tertiary care HIV clinic in Toronto, Canada between May and August 2018. To be eligible, patients were required to be on ART with HIV RNA less than 50 copies/ml for at least 6 months. A priori, we elected to include 30, 35, and 35 participants in the age categories 40--50, 51--60 and greater than 60 years, respectively, in order to assess the impact of age on the score. Exclusion criteria were: pregnancy, previous liver cirrhosis, and current treatment with systemic steroids, chemotherapy, immunosuppressive agents or radiation therapy. A convenience sample of 101 PLWH was chosen from consecutive patients attending the clinic who consented to participate and met the inclusion criteria. Participants completed a series of questionnaires to calculate the HAS (score range 0--14).

To assess construct validity of the score in our population, we also calculated the Fried Frailty Index \[[@R24]\] and determined the Short Performance Physical Battery Score (SPPB) \[[@R19]\] for each participant. In addition, we estimated a measure of health utilization by administering questionnaires on the number of emergency room visits and overnight hospital stays in the previous 6 months and the need for home assistance.

The study was approved by the University Health Network Ethics review board, and each participant provided written informed consent. The study was conducted in accordance with the Declaration of Helsinki.

Sample size considerations
--------------------------

This pilot study was not powered for statistical significance but rather to determine the patient acceptability of completing the tasks and determining some preliminary performance characteristics of the score. With 100 participants, we would be able to detect a difference in HAS of 1.30 between two groups of participants, one with and one without a characteristic of interest, assuming a standard deviation in the HAS score of 2.3, a significance level of 0.05, power of 80% and that 50% of the study population has the characteristic of interest.

Statistical analysis
--------------------

The Kruskal\--Wallis Rank-Sum and Fisher\'s Exact tests were used to make the following comparisons: demographics, HAS, and HAS domains by age group (40--50, 51--60, and ≥61 years) and sex; the Fried Frailty Score \[[@R24]\], its individual components, and the frailty stage by HAS category (healthy, intermediate, or poor); the overall and individual component scores of the SPPB by HAS category; and the health utilization parameters by HAS category.

Results
=======

Of 107 persons approached, 104 agreed to participate and 3 were excluded for not meeting eligibility criteria. The demographics of the participants are shown in Table [1](#T1){ref-type="table"}. The median \[interquartile range (IQR)\] age was 56 years (50\--62), 81 (80%) were men, and 50 (50%) were born in Canada reflective of our clinic population. Participants aged at least 61 years were more often Caucasian (75%) compared with those 40--50 years (47%) and 51--60 years (60%, *P* = 0.051). More women were black (55%) than men (7%, *P* \< 0.001). Participants at least 61 years of age had longer median durations of HIV infection (25 years, *P* = 0.001) and lower CD4^+^ nadirs (153 cells/μl, *P* = 0.047) compared with 40--50 years (16 years, 267 cells/μl) or 51--60-year categories (22 years, 180 cells/μl). Median (IQR) CD4^+^ cell count at enrollment was 574 (417\--794) cells/μl.

The results of the HAS summary score are shown in Fig. [1](#F1){ref-type="fig"} and Table [2](#T2){ref-type="table"}. The median (IQR) HAS was 12 (10\--13) with 39 (39%) achieving a score greater than 12 (considered by the Rotterdam study as healthy aging). Overall 32% participants scored in the intermediate and 30% in the range considered to be poor health. There was not an overall 1.3-point difference in the HAS score by age category (*P* = 0.79) or sex (*P* = 0.76).

![Distribution of the Healthy Aging Score in the HIV cohort.](aids-34-859-g001){#F1}

The distribution of the HAS domain sub-scores by age category is demonstrated in Table [2](#T2){ref-type="table"}. Younger participants were more likely to have low mental health scores (27% for age 40--50 years and 26% for age 51--60 years) compared with those at least 61 years (6%, *P* = 0.04). Women were more likely to have low-to-moderate scores on the pain sub-scale (corresponding to greater amounts of pain) (45%) compared with men (26%, *P* = 0.02), data not shown. Other HAS domains did not differ by age or sex (data not shown).

Table [3](#T3){ref-type="table"} shows the outcome of the Fried Frailty Score, stages, and individual components by HAS category. Overall, 10.4% are classified as frail, 79% as prefrail and 10.4% as not frail. A lower HAS score was associated with increased frailty (*P* = 0.008). This was most strongly correlated with the sub-component of the frailty index that related to exhaustion. There was also a positive correlation between the HAS and grip strength (*P* = 0.03).

Table [4](#T4){ref-type="table"} shows the relationship between the overall SPPB score and the SPPB component sub-scores with the HAS categories. In this case, there was a trend towards poorer performance and with lower HAS scores (*P* = 0.077).

We also explored the relationship between measures of health utilization and the HAS. Of the 101 participants, seven had been hospitalized in the preceding 6 months. This included two of 39 (5.1%) participants who scored in the healthy range of the HAS, and five of 30 (16.7%) who scored in the poor range of the HAS, *P* = 0.034. The length of hospitals stay was a median of 2 days (IQR 2\--4) and did not vary by HAS score, *P* = 0.32. Overall 24 (23.8%) participants had an emergency room visit in the preceding 6 months, the number did not vary by HAS score, *P* = 0.915 (data not shown), nor did the number of emergency room visits during this period vary by HAS score. Overall only three (3%) of participants had received help for activities of daily living at home during the previous 6 months (data not shown).

Discussion
==========

This is the first study to evaluate the HAS in a cohort of HIV-infected individuals. In our pilot study of aging PLWH, the outcome of the score ranged from 5 to 14 with a median score of 12 \[IQR (interquartile range) 10\--13). The median score did not vary by age category or sex. According to the criteria developed by the Rotterdam group, only 39% of our participants scored in the healthy range of the score.

The WHO Global Strategy and Action Plan on Aging and Health has emphasized the need for standardizing measurements of healthy aging to use in care and research to enable comparisons across populations and disciplines \[[@R21]\]. Although there is currently no consensus or gold standard, researchers are attempting to develop and validate indexes to operationalize healthy aging in different disease settings \[[@R20],[@R25]--[@R29]\]. The indexes are broadly similar, capturing multiple dimensions of health status within the domains of the WHO framework. It remains unclear, which health dimensions should best be captured in a global score \[[@R30]--[@R32]\]. It is likely that different domains of health have more impact in different disease cohorts \[[@R18]\].

After the review of existing scores, we chose to study the HAS score in our HIV population for the following reasons. The HAS was developed in a cohort of 3527 older Dutch participants \[[@R23]\]. We felt it ideal to study as the domains included in the score enabled an evaluation of health as a multidimensional state consistent with the framework established by the WHO. When developing the Rotterdam model, a number of socioeconomic and health behavioral factors that are relevant to those living with HIV were considered as covariates. Other strengths of this score included the demonstration of a mean decrease in score with age; sex differences in domain subscores, and correlations between scores of certain domains with each other. The score can be assessed as a mean score, or scores can be compared in the separate domains. Limitations of this score included: the three-part ordinal outcome, equal weighting of each dimension in the total score when some may have greater impact on healthy aging, and the inclusion of participant comorbidities without considering their severity.

In the Rotterdam study \[[@R23]\], the mean (SD) of the HAS was 11.2 (2.2) in men and 10.7 (2.30) in women and the score outcomes ranged across the entire score continuum. In the Rotterdam cohort, men had poorer scores in the chronic diseases domain than women. Women had poorer mental health, worse physical function, more pain, and lower quality of life compared with men. The Rotterdam study was also able to validate the score to mortality data. The age-adjusted hazard ratio per unit increase in the HAS with mortality was 0.86 (0.83--0.89) in men and 0.89 (0.87--0.91) in women.

The population studied in the Rotterdam cohort \[[@R23]\] has significant differences to that of our HIV cohort with 39.8% men, and a mean (SD) age of 75.3 (6.0) years. The majority were of Caucasian decent (\>97%). Potential limitations of applying this score to an HIV population include the chronic diseases included in the domains. Many chronic diseases in the HAS are similar to those that aging PLWH are experiencing (cardiovascular disease, stroke, diabetes, chronic obstructive lung disease, chronic renal failure, and cancer) \[[@R33]\]; however, Parkinson\'s disease was included but not seen in our clinic population and liver disease commonly seen in HIV was not included \[[@R34]\]. There is some evidence that aging is 'accelerated' or 'accentuated' in HIV because of the residual immune inflammation and activation that persist despite control of HIV replication, which may affect the development of and age of presentation of comorbidities \[[@R35]--[@R37]\]. Whether or not this would be reflected in the score is uncertain. Further, other factors that can affect health in PLWH were not captured in the score, such as stigma, trauma, and discrimination \[[@R38]\] as only a depression scale was included in the mental health domain. Additionally, the underlying demographics of PLWH vary \[[@R39]\] and social determinants of health, such as income, food, and housing could affect quality of life and healthy aging \[[@R40]--[@R42]\]. Finally, the HIV cohort consists of many individuals who assume nontraditional sex roles and may have different caretaking and advocacy roles than aging heterosexual men and women, which could impact the domain of the score-related to activities of daily living. Despite these limitations, the mean and range of scores was similar in our cohort to the original Rotterdam study suggesting that it will be useful in this population.

Multiple approaches have been used to operationalize health in the general aging population but the best tools to use in the clinical and research setting remain controversial \[[@R26],[@R27],[@R29],[@R42]--[@R44]\]. It will be difficult to come up with a simple tool that can dichotomize aging as successful or not \[[@R20]\]. Despite the challenges, a global healthy aging score would be useful. An ideal score would be valid for the population under study, be relatively easy and inexpensive to use, and be responsive to detecting changes in health over time. A standardized score could support clinical decision-making around a person\'s strengths and quality of life, the need for investigation or intensity of follow-up, and monitoring health trajectories over time or with specific therapies. A score could help researchers identify areas for directed interventions to maintain or improve health and provide an outcome to monitor response. Population level assessments could provide policy makers with comprehensive data to inform the allocation of funds and services to keep persons healthy.

Other groups have evaluated the Fried Frailty phenotype and the SPPB in the context of HIV \[[@R45]--[@R50]\]. The limitations of using these as indicators of health is that they fail to take into consideration other domains of health, such as cognitive function, mental health, and social well being. We were able to demonstrate correlation of the HAS scores with these indices especially with respect to the subscales addressing physical function adding to the validity of the HAS.

In attempts to improve on the frailty phenotype in the context of HIV, Brothers *et al.*\[[@R51]\] used data from 963 participants in the Modena HIV Metabolic Clinic Cohort study to develop a frailty index. In this cohort, the baseline frailty index was an independent predictor of mortality \[odds ratio \[OR\] 1.19, 95% confidence interval (CI) 1.02--1.38\]. Despite validity demonstrated by this correlation, this index included 31 clinical, laboratory, and imaging variables making it impractical and expensive for use as an end point in care and research.

In order to be a useful endpoint in interventional studies, a measure of healthy aging needs to be predictive of clinically relevant endpoints, such as disease progression, hospitalization, and mortality. The original Rotterdam cohort was able to demonstrate an association between the HAS score and mortality. In our cohort, we were able to demonstrate a significant correlation between poor scores on the HAS and hospitalization in the preceding 6 months. However, as the numbers were small, this observation needs to be confirmed with a larger population.

This is the first step to assess a validated healthy aging score in an HIV-infected population. The strengths of our study are that we were able to demonstrate within a small cohort that individuals scored across the range of the score values without a significant floor or ceiling effect. We were able to correlate the score with other indicators of primarily physical health, such as the Fried Frailty phenotype and the SPPB score. We were also able to demonstrate a correlation between health and hospitalization, although this conclusion is limited by small numbers. Limitations include our small sample size and the small percentage of women. Further study is warranted in a larger HIV aging population and to validate it against clinical outcomes, such as disease progression, hospitalization, and mortality. Furthermore, as our study was cross-sectional, more work is required to determine if the score is responsive to change.

In conclusion, in this pilot study of 101 older PLWH, we demonstrated a range of healthy aging scores using an index that has been validated in a population of older adults in the Netherlands \[[@R23]\]. The score correlated with other indexes that measure health and with recent hospitalization. Only 39% of participants scored in the 'healthy' range despite viral suppression and good immunologic response to ART suggesting that other domains are important in evaluating health in this population. As the HIV population continues to age, we will need measures to assess outcomes and test interventions to maintain or optimize health \[[@R52]\]. This will enable us to determine whether or not we can achieve the proposed fourth 90 of the UN AIDS goals for HIV that 90% of those with HIV have good health and quality of life \[[@R12]\]. The data from our pilot study suggest we have work to do to reach this goal.
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###### 

Demographic and clinical characteristics of HIV cohort by age category.

                                    Missing (%)   Overall, *N* (%)    40\--50 years       51\--60 years       ≥61 years           *P*
  --------------------------------- ------------- ------------------- ------------------- ------------------- ------------------- ---------
  *n*                                             101                 30                  35                  36                  
  Age \[median (IQR)\]                            56 \[50\--62\]      46 \[44\--49\]      56 \[53\--58\]      66 \[62\--69\]      \<0.001
  Male                                            81 (80.2)           21 (70.0)           29 (82.9)           31 (86.1)           0.257
  BMI \[median (IQR)\]              3             26 \[23\--29\]      27 \[25\--30\]      25 \[21\--29\]      25 \[21\--28\]      0.040
  Born in Canada                                  50 (49.5)           12 (40.0)           19 (54.3)           19 (52.8)           0.475
  Race                                                                                                                            0.051
   Asian                                          10 (9.9)            4 (13.3)            5 (14.3)            1 (2.8)             
   Black                                          17 (16.8)           8 (26.7)            4 (11.4)            5 (13.9)            
   Caucasian                                      62 (61.4)           14 (46.7)           21 (60.0)           27 (75.0)           
   Hispanic                                       5 (5.0)             3 (10.0)            0 (0.0)             2 (5.6)             
   Other                                          7 (6.9)             1 (3.3)             5 (14.3)            1 (2.8)             
  Risk factor                                                                                                                     0.473
   MSM only                                       74 (73.3)           18 (60.0)           27 (77.1)           29 (80.6)           
   IDU only                                       1 (1.0)             1 (3.3)             0 (0.0)             0 (0.0)             
   MSM and IDU                                    2 (2.0)             1 (3.3)             1 (2.9)             0 (0.0)             
   Heterosexual contact                           15 (14.9)           5 (16.7)            5 (14.3)            5 (13.9)            
   Other/unknown                                  9 (8.9)             5 (16.7)            2 (5.7)             2 (5.6)             
  Duration of HIV (Y)                             21 \[12\--28\]      16 \[11\--19\]      22 \[8\--29\]       25 \[18\--29\]      0.001
  CD4^+^ Nadir \[median (IQR)\]                   208 \[83\--306\]    267 \[170\--368\]   180 \[80\--320\]    153 \[48\--266\]    0.047
  Current CD4^+^ \[median (IQR)\]                 574 \[417\--794\]   690 \[550\--869\]   535 \[362\--822\]   544 \[404\--678\]   0.063
  Education                                                                                                                       0.335
   Elementary                                     6 (5.9)             1 (3.3)             2 (5.7)             3 (8.3)             
   Secondary                                      35 (34.7)           7 (23.3)            17 (48.6)           11 (30.6)           
   Post-secondary                                 45 (44.6)           17 (56.7)           13 (37.1)           15 (41.7)           
   Masters or PhD                                 15 (14.9)           5 (16.7)            3 (8.6)             7 (19.4)            
  Income                            1                                                                                             0.142
   \<\$20 000                                     35 (35.0)           8 (26.7)            17 (48.6)           10 (28.6)           
   \$20 000\--\$49 999                            32 (32.0)           7 (23.3)            9 (25.7)            16 (45.7)           
   \$50 000\--\$99 999                            24 (24.0)           10 (33.3)           7 (20.0)            7 (20.0)            
   \>\$100 000                                    9 (9.0)             5 (16.7)            2 (5.7)             2 (5.7)             
  Smoking                                                                                                                         0.066
   Current                                        22 (21.8)           7 (23.3)            9 (25.7)            6 (16.7)            
   Past                                           40 (39.6)           6 (20.0)            16 (45.7)           18 (50.0)           
   Never                                          39 (38.6)           17 (56.7)           10 (28.6)           12 (33.3)           
  Alcohol use                                                                                                                     0.306
   None                                           32 (31.7)           11 (36.7)           12 (34.3)           9 (25.0)            
   Occasional                                     38 (37.6)           12 (40.0)           13 (37.1)           13 (36.1)           
   2--3 per week                                  14 (13.9)           3 (10.0)            7 (20.0)            4 (11.1)            
   Daily                                          11 (10.9)           1 (3.3)             2 (5.7)             8 (22.2)            
   Weekends                                       6 (5.9)             3 (10.0)            1 (2.9)             2 (5.6)             
  Recreational drug use                                                                                                           0.626
   Current                                        29 (28.7)           8 (26.7)            13 (37.1)           8 (22.2)            
   Past                                           30 (29.7)           10 (33.3)           10 (28.6)           10 (27.8)           
   Never                                          42 (41.6)           12 (40.0)           12 (34.3)           18 (50.0)           
  Average daily fiber (g) (IQR)                   18 \[11\--25\]      17 \[7\--28\]       16 \[11\--19\]      20 \[15\--26\]      0.082
  Average daily fiber ≥20 g (IQR)                 40 (39.6)           13 (43.3)           8 (22.9)            19 (52.8)           0.032

IDU, injection drug use; IQR, interquartile range.

###### 

Health aging score and sub-categories by age category.

                         Overall (*n*, %)   40--50 years (*n*, %)   51--60 years (*n*, %)   At least 61 years (*n*, %)   *P*
  ---------------------- ------------------ ----------------------- ----------------------- ---------------------------- -------
  *N*                    101                30                      35                      36                           
  HAS \[median (IQR)\]   12 \[10\--13\]     12 \[11\--13\]          11 \[10\--13\]          12 \[10\--13\]               0.791
  HAS \[mean (SD)\]      11 (2)             12 (2)                  11 (2)                  11 (2)                       0.611
  Overall HAS category                                                                                                   0.907
   Poor                  30 (29.7)          7 (23.3)                11 (31.4)               12 (33.3)                    
   Intermediate          32 (31.7)          11 (36.7)               11 (31.4)               10 (27.8)                    
   Healthy               39 (38.6)          12 (40.0)               13 (37.1)               14 (38.9)                    
  Chronic disease                                                                                                        0.107
   Poor                  11 (10.9)          1 (3.3)                 4 (11.4)                6 (16.7)                     
   Intermediate          21 (20.8)          4 (13.3)                6 (17.1)                11 (30.6)                    
   Healthy               69 (68.3)          25 (83.3)               25 (71.4)               19 (52.8)                    
  Mental health                                                                                                          0.040
   Poor                  19 (18.8)          8 (26.7)                9 (25.7)                2 (5.6)                      
   Intermediate          22 (21.8)          3 (10.0)                9 (25.7)                10 (27.8)                    
   Healthy               60 (59.4)          19 (63.3)               17 (48.6)               24 (66.7)                    
  Cognitive function                                                                                                     0.371
   Poor                  0 (0.0)            0 (0.0)                 0 (0.0)                 0 (0.0)                      
   Intermediate          5 (5.0)            0 (0.0)                 2 (5.7)                 3 (8.3)                      
   Healthy               96 (95.0)          30 (100.0)              33 (94.3)               33 (91.7)                    
  Physical function                                                                                                      0.703
   Poor                  0 (0.0)            0 (0.0)                 0 (0.0)                 0 (0.0)                      
   Intermediate          10 (9.9)           2 (6.7)                 3 (8.6)                 5 (13.9)                     
   Healthy               91 (90.1)          28 (93.3)               32 (91.4)               31 (86.1)                    
  Pain                                                                                                                   0.968
   Poor                  4 (4.0)            1 (3.3)                 2 (5.7)                 1 (2.8)                      
   Intermediate          26 (25.7)          8 (26.7)                8 (22.9)                10 (27.8)                    
   Healthy               71 (70.3)          21 (70.0)               25 (71.4)               25 (69.4)                    
  Social well being                                                                                                      0.702
   Poor                  18 (17.8)          6 (20.0)                6 (17.1)                6 (16.7)                     
   Intermediate          19 (18.8)          3 (10.0)                8 (22.9)                8 (22.2)                     
   Healthy               64 (63.4)          21 (70.0)               21 (60.0)               22 (61.1)                    
  Quality of life                                                                                                        0.803
   Poor                  6 (5.9)            2 (6.7)                 3 (8.6)                 1 (2.8)                      
   Intermediate          37 (36.6)          12 (40.0)               13 (37.1)               12 (33.3)                    
   Healthy               58 (57.4)          16 (53.3)               19 (54.3)               23 (63.9)                    

HAS, healthy aging score.

###### 

Comparison of the Fried Frailty Score and Components by healthy aging score status.

                                                                                                           Missing (%)   Overall (*n*, %)   Healthy (*n*, %)   Intermediate (*n*, %)   Poor (*n*, %)   *P*
  -------------------------------------------------------------------------------------------------------- ------------- ------------------ ------------------ ----------------------- --------------- ---------
  *N*                                                                                                                    101                39                 32                      30              
  Fried Frailty Score                                                                                      6.9                                                                                         0.008
   0                                                                                                                     10 (10.6)          6 (16.2)           1 (3.7)                 3 (10.0)        
   1                                                                                                                     48 (51.1)          24 (64.9)          16 (59.3)               8 (26.7)        
   2                                                                                                                     26 (27.7)          6 (16.2)           8 (29.6)                12 (40.0)       
   3                                                                                                                     9 (9.6)            1 (2.7)            2 (7.4)                 6 (20.0)        
   4                                                                                                                     1 (1.1)            0 (0.0)            0 (0.0)                 1 (3.3)         
  Frailty stage                                                                                            5                                                                                           0.036
   Not frail                                                                                                             10 (10.4)          6 (16.2)           1 (3.4)                 3 (10.0)        
   Prefrail                                                                                                              76 (79.2)          30 (81.1)          26 (89.7)               20 (66.7)       
   Frail                                                                                                                 10 (10.4)          1 (2.7)            2 (6.9)                 7 (23.3)        
  ≥10 lbs of unintentional weight loss in the previous year                                                6.9           7 (7.4)            2 (5.4)            3 (11.1)                2 (6.7)         0.708
  Everything was an effort or could not get going most or a moderate amount of time in the previous year   0             40 (39.6)          6 (15.4)           15 (46.9)               19 (63.3)       \<0.001
  30 min of activity one to three times in the past 2 weeks (lowest option)                                0             15 (14.9)          3 (7.7)            5 (15.6)                7 (23.3)        0.187
  Less than 0.8 m/s speed on faster of two 4 m walks                                                       0             60 (59.4)          25 (64.1)          20 (62.5)               15 (50.0)       0.492
  Less than 20 kg for women or less than 30 kg for men on best of three grip strength tests                0             21 (20.8)          7 (17.9)           3 (9.4)                 11 (36.7)       0.033

###### 

Comparison of Short Performance Physical Battery Score and subcomponents by healthy aging score status.

                                                  Missing (%)   Overall (*n*, %)          Healthy (*n*, %)          Intermediate (*n*,%)      Poor (*n*, %)             *P*
  ----------------------------------------------- ------------- ------------------------- ------------------------- ------------------------- ------------------------- -------
  *N*                                                           101                       39                        32                        30                        
  SPPB score \[median, IQR\]                      2             10 \[9\--11\]             10.5 \[9.25\--11.75\]     10 \[10\--11\]            10 \[9\-- 10\]            0.077
  Balance score                                   2                                                                                                                     0.521
   1                                                            2 (2.0)                   0 (0.0)                   0 (0.0)                   2 (6.9)                   
   2                                                            4 (4.0)                   1 (2.6)                   2 (6.2)                   1 (3.4)                   
   3                                                            4 (4.0)                   1 (2.6)                   1 (3.1)                   2 (6.9)                   
   4                                                            89 (89.9)                 36 (94.7)                 29 (90.6)                 24 (82.8)                 
  Seconds to walk 4 m \[median, IQR\]             0             3.00 \[2.62\--3.73\]      2.96 \[2.56\--3.56\]      2.90 \[2.70\--3.60\]      3.23 \[2.62\--4.07\]      0.397
  Gait score                                      0                                                                                                                     0.234
   1                                                            1 (1.0)                   0 (0.0)                   0 (0.0)                   1 (3.3)                   
   2                                                            1 (1.0)                   0 (0.0)                   0 (0.0)                   1 (3.3)                   
   3                                                            5 (5.0)                   1 (2.6)                   1 (3.1)                   3 (10.0)                  
   4                                                            94 (93.1)                 38 (97.4)                 31 (96.9)                 25 (83.3)                 
  Seconds for five chair stands \[median, IQR\]   2             14.13 \[12.00\--16.06\]   13.46 \[11.20\--16.50\]   14.02 \[12.17\--15.20\]   15.15 \[12.58\--16.91\]   0.264
  Chair stand score                               0                                                                                                                     0.113
   0                                                            2 (2.0)                   0 (0.0)                   0 (0.0)                   2 (6.7)                   
   1                                                            22 (21.8)                 10 (25.6)                 4 (12.5)                  8 (26.7)                  
   2                                                            32 (31.7)                 8 (20.5)                  14 (43.8)                 10 (33.3)                 
   3                                                            28 (27.7)                 11 (28.2)                 11 (34.4)                 6 (20.0)                  
   4                                                            17 (16.8)                 10 (25.6)                 3 (9.4)                   4 (13.3)                  

IQR, interquartile range.
